Ultrasensitive Characterization of Charge Heterogeneity of Therapeutic Monoclonal Antibodies Using Strong Cation Exchange Chromatography Coupled to Native Mass Spectrometry.
In therapeutic monoclonal antibody (mAb) development, charge heterogeneity of a mAb molecule is often associated with critical quality attributes and is therefore monitored throughout development and during QC release to ensure product and process consistency. Elucidating the cause of each charge variant species is an involved process that often requires offline fractionation by ion exchange chromatography (IEX) followed by mass spectrometry (MS) analysis, largely due to the incompatibility of conventional IEX buffers for direct MS detection. In this study, we have developed a method that combines a generic strong cation exchange (SCX) chromatography step with ultrasensitive online native MS analysis (SCX-MS) optimized for mAb separation and detection. As demonstrated by analyzing mAb molecules with a wide range of pI (isoelectric point) values, the developed method can consistently achieve both high-resolution IEX separation and ultrasensitive MS detection of low-abundance charge variant species. Using this method, we analyzed the charge heterogeneity of NISTmAb reference material 8671 (NISTmAb) at both whole antibody and subdomain levels. In particular, due to the high sensitivity, a nonconsensus Fab glycosylation site, present at a very low level (<0.1%), was directly detected in the NISTmAb sample without any enrichment. The structure and location of this Fab glycosylation was further characterized by peptide mapping analysis. Despite the extensive characterization of NISTmAb material in previous studies, this is the first time that this Fab-glycosylated variant has been identified in the NISTmAb, demonstrating the value of this new method in achieving a more comprehensive characterization of charge heterogeneity for therapeutic mAbs.